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Introduction
For a long tine it had been believed that regulation of
respiration, blood pressure, and heart rate in the vsrteontes
depended entirely upon direct stimulation of centers in the
medulla, the respiratory, vasomotor, and cardiac centers
res_ ectively . Kecently, however, it has been shown tnat
regulation of these very vital processes depends in part upor
reflexes arising in the epithelial bodies, located in and
around the carotid and aortic arteries. They are referred to
as chemo or pressoreceptors depending upon whether they are
stimulated by changes either in tne che lieal content or in
the pressure of the blood.
Pressorece ptors
Ask Upmark (193t) presented a short history of the carotic
pressoreceptors, which 1 shall review briefly. As early as
1811 a slight bulb-like dilatation was noticed by aurns at
the base of the internal carotid artery, ^t that time it
had been referred to as a pathological condition representing
a state of insanity (kteyer
,
1677). Later, as the dilation
was noticed in all cases examined, it was no longer believed
to be a pathological condition, but a normal condition
representing the rest of tne third branchial artery, from
which tne carotid artery is derived (Schaffer, ±.877). Tanaler
(1902 ) suggested that it represented a stage in the develop-
ment of the internal carotid artery, it was not until
.
2 .
1924, however
,
that the physiological significance or the
body was known. jJy exerting pressure in the neck region, or
by pulling the internal carotid heartward, many investigators
have obtained a drop in Dlooa pressure (Parry, 1799; Bir Astley
cooper, 1836; waller, 1662; nnoll, Czermak, ±88o; Sollman &
Brown, x912 ; Bnderle, 19k4; Tillman, 1924). This phenomenon
was first believed to be due to direct sti lulation of the
centers in the medulla (Francois Frank, 1880 j . Hunt (1899)
explained it on the basis of inhibition of vagal tone.
Bering (1924J, however, pointed out that this response defended
upon a reflex action originating in the carotid sinus.
Other areas sensitive to changes in pressure have also
been round. They include endings on the right subclavian
artery, on the arch of the aorta, and on the base of the left
subclavian artery (Anrep and Segall, 1926; nutz, 1930;
Ivtonidez, ±93bj.
Chemore ceptors
A structure referred to as the carotid body was found
in the angle between the internal and external carotid arteries
(Haller, 1743, quoted by Boyd, 1937^. At that time it was
believed to function as an endocrine organ, mven as late as
1935 a substance antagonistic to adrenalin was extracted from
the carotia gland or body of Hlasmobranchs (Christie).
Dreuner (1924, quoted by .ask Upmark, 1935 ) suggested that the

3carotid body represented a sensory organ, other investigators
confirmed the statement (De Castro, ; Jacobovici,
_.itescu and fop, 1938; Bchmidt, 1933, heymans, Bouckaert and
Dautrebande, 1931; nonidez, 1985 j. Heymans, Bouckaert ana
Dautrebande (198U showed that the denervation of the carotid
sinus at the level of the bifurcation will aestroy its
sensitivity to pressure changes but not to changes in the
gaseous content of the blood; while denervation one-half to
one centimeter higher abolishes the sensitivity to Doth. This
occurs since the branch to the carotid body leaves the carotid
sinus nerve one-half to one centimeter craniad to the carotid
sinus. Other structures also believed to be chemoreceptors
have recently been icuna above the arch of the aorta and
beiovf the arch of the aorta just above the auctus arteriosus,
(Anrep ana oegali, ~93 6; falme , Penitschka, ±934, quoted by
xvonidez, 1935; muratori, ±934; honiaez
,
^.933, a.937j.
There will ue an attempt made in this paper to compare
both morphologically ana physiologically these various bodies
in the different classes of vertebrates.
jjerivatives of the Aortic mrches
Bince the epithelial bodies represent integral parts
of the aortic arches, ana since they are derivatives of the
primitive branchial arches founa in the fishes, a knowledge
oi the evolution of the aortic arches is of utmost importance,
in the fishes there are usually six branchial arches which
.
connect the dorsal with the ventral aorta after ramifying
tnrougn the gills. Very early in the development, the first
two aortic arches lose their respiratory function and con-
sequently no longer persist as aortic arches, in Anura the
'third, fourth and sixth aortic arches persist. rhe ductus
botalli between the pulmonary artery and the dorsal aorta
disappears. The third, fourth, ana sixth aortic arches con-
tinue to remain, even in the mammals. The right portion of
the fourth arch forms the right subclavian artery; whereas the
left part becomes the left aortic area. The third arch of
the embryo gives rise to the common carotid. The pulmonary
artery is derived from the sixth arch ^Neal and Hand, 1936 J
.
The carotid sinus ana carotid boay are derivatives of
the thira branchial arch; the pressoreceptor enaings on the
right subclavian artery, on the aren ox the aorta, ana in the
aortic body, together with the chemoreceptor endings in the
paraganglion supracaruiale superius and inferius are deri-
vatives of the fourth arch, and the paraganglion supracardiale
aorticum is a uerivative of the sixth arch.
Tart I Pressoreceptors
The pressoreceptors are afferent nerve endings present
in the carotid sinus, on the right subemavian artery, on the
arch of the aorta ana the base of the left subclavian. These
nerve enaings are generally arrangea in a periglanauiar
,
an
interstitial and a periglomerular plexus. The detained
structure 01 the pressoreceptors, nov/ever, varies with the
'
5form of the vertebrate studied. Changes in pressure, bringing
about a distension of the .ail of the sinus or artery, consti-
tute the normal physiological sti iuli. The degree of the
response is directly proportional to the amount of distension
ana is always the same for the same amounx or distension
(Tournaae et G. Dubreuil, 19Cnj. The responses brought
about are vaso-ailation, decrease in neart rate and respiration
.
changes in the respiratory gases in tne biooa aiso influence
their activity to a slight extent, increase in the oxygen
content increases their activity; whereas an increase in tne
carbon dioxide content decreases their activity Uferie and
nause
,
1958; Conroe and Schmidt, 1. 38, Gellhorn and Lamoert
,
1S38 )
.
Class I Cyclostomata
An exhaustive examination of the literature of this
group indicates that no work has been done to determine the
presence or absence or tne pressoreceptors.
mince this group differs from the nlasmobranchs only in
the iacx of jaws ana p&irea appendages ana since cutz (.1950 )
pointed out physiologically the presence of pressoreceptors
in the mlasmobranchs
,
it is possiole that so le primitive
system exists here too.

6Class il lisces
subclass i Llasmobranchii
-lost of the work; aone on the Llasnobranchs ha been done
on the Selachians, in Jqualus acanthias caraiac inhibition
was obtained by increasing the pressure within the gil vessels
and heart and oy direct stimulation o_ sensory endings scattere
widely throughout the cody (Lutz & hyman
,
i9b2;. m order to
demonstrate caraiac inhibition resulting from pressure
changes, Lutz & Wyman (1932J ligated the ventral aorta between
its first and second branches ana inserted a cannula in the
ventral aorta anterior to the ligature. Ihey connected the
cannula with a burette filled with urea-saline solution, by
opening the connection between the cannuia and the burette,
thus sudaenly increasing the pressure within the gill vessels
arising from the first branch of the aorta, cardiac inhibition
was brought about. After the first sudaen increase in pres-
sure, regardless of the further increase, the initial inhibitic
was not increased or continued. Thus it was pointed out that
the effective physiological stimulus is the initial increase
of pressure and not the continual flow of fluid through the
gill vessels. The afferent pathway includes the branchial
nerves, and the efferent pathway includes the vagus nerve to
the heart, when the fifth branchial nerve and the ramus
n
I
visceralis were cut on the right side ana the first right
branch of the ventral aorta was clamped, thus leaving only
the left gill vessels open to stimulation, caraiac inhibition
•-
was obtained. Yihen the first left branch of the ventral
aorta was clamped, cardiac inhibition was obtained, by
stimulating the right gill vessels. The reflex pathways
for cardiac innibition, consequently, are both unilateral
and crossed. Lutz & Lyman, (19<j1J also point ea out that the
heart of the Llasmobranchs is in a state of tonic inhibition
maintained reflexly with each heart beat. This reflex .lay
be homologous with the carotid sinus reflex found in mammals.
mince there are no vasoxiotor reflexes in the Llasmo-
branchs, the cardiac reflex is of utmost i iportance in the
regulation of both tne blood pressure and the heart rate
(Lutz and Lyman
,
1951).
This reflex is an extremely important protective mechanism.
When the pressure in the gill region is increased by contrac-
tion of the branchial muscles during an ejection reflex, the
wails of the afferent vessels may be very easily injured
except for this mechanism (Lutz ana Lyman, 1950).
ho attempt has been made to determine histologically
the nature ana distribution of tne receptors concerned with
tne cardio-inhibitory reflex in Llasmobrancns
.
O^uss III xvmpnioia
oub clas s Urodela
In the aquatic amphibian, Jecturus
,
the region of sensi-
tivity to changes in the blood pressure is confined to the
gill region. (Lutz <L Lyman, 1951). This represents a lore
specialized condition than is found in the fishes.

Subcla ss Aiiura
In the land amphibia the condition becomes even more spe-
cialized. A bulbous structure, the carotid gland, is located
at the base of the internal carotid artery. This structure
consists of tv/o main parts, the pars cavernosa, the anterior
division, in which lies the oars capillaris, and tne posterior
portion, tne "Sommelgefasse" zone into which the internal and
external carotid arteries empty. The gland is composed of
smooth muscle, loose connective tissue, an^ some pigment
cel^.s l Zimmerman, quoted by G-aupp (1934). A branch of the
ninth nerve innervates the region (Meyer, ; Boyd, r9o3;
Smith, 1938).
An increase in pressure within the aorta brings about a
decrease in the heart rate (Kuno ana Bruch, 1914, quoted by
Smith, 1938). This would indicate the presence of an aortic
depressor nerve similar to the on« present in mammals . Central
stimulat ion oi the glossopharyngeal nerve also decreases the
heart rate ana the blood pressure. Since the glossopharyn-
geal nerve senus a branch to the carotid gland (Meyer, 1929)
as in the mammals, the carotid gland may be homologous with
tne mammalian carotid sinus.
The sensory areas in the carotid gland are derivatives
of the third branchial arch and those in the aorta are deri-
vatives of the fourth arch of the embryo (Maurer, 1886 and
Marshall, 1893, quoted bp Ask Upmark, 1935; lioch, 1931).

Using the Nonidez' modification of the Ca.jai Technique,
the writer made sections or the carotid gland together v:ith the
carotid and aortic arteries of Rana pipiens. as soon as the
tissue was removed from the body of the frog, it was fixed
with a twenty-five per cent solution of cnloral hydrate in
fifty per cent alcohol or twenty-four hours, rhe tissue
was then removed and put in a solution or sixty cubic centi-
meters of ninety-five per cent alcohol plus four crops of
strong ammonia for twenty-four hours, After washing the
tissue in distilled water for one or two minutes, it was put
in a three per cent solution of silver nitrate for six or seven
days in an incubator in the darx. After the alloted tine the
tissue was rinsed in distilled water and reduced for twenty-
four nours in a three per cent solution of pyrogallic acid.
Then the tissue was later washed in distilled water for one
or two hours and aehyurated in the usual manner. After
dehydration the block was left in amyl acetate until it was
cleared
.
Jpon study of the slides, the writer found nerve fibers
present in tne carotid gland, the aortic ana carotid arteries,
and tne wall of tne auricle. The nerve fibers in the carotid
gland are concentrated in the region of the pars cap* Haris
intimately associated with the epithelial cells. Aerve fibers
are also present in the media and adventitia of the aortic
and carotid arteries, ho nerve fibers were seen in the
intima. as yet, no nerve endings have been definitely seen.

Tile relative position of the fibers, however, corresponds
with that of the pressoreceptors in the mammal, and it seems
more than likely that pressoreceptor nerve endings are present.
ulass IV heptilia
Orde r Bquamata
In this group, Bhatia and uayal (1935, quo tea oy Ask
Upmark, 193oj have found a carotin gland" at the bifurcation
of the carotid artery. This body may be similar to the
carotid gland previously seen in the Amphibia.
Uraer Ohelonia
Although no bulbous swelling is present at the base of
the internal carotid artery, this portion is very richly
supplied with nerves. Branches of the glossopharyngeal, vagus,
hypoglossal, ana sympathetic nerves supply this region (Ask
Upmark, 1935]
.
This area may be homologous with the carotid sinus in
the mammal, but conclusive prooi can oe obtained only through
the use of physiological and histological methods.
ho sensory (afferent] endings which might be concerned
with cardio-vascular reflexes have been described on tne
aortic or subclavian arteries.
Order Crooodilia
From the right aortic arch tv/o brachiocephalic trunks
arise. The right trunk then branches into the subclavian and
the external carotid; whereas the left trunk divides into the

subclavian artery, the external carotid, and the internal
carotid arteries. The internal carotid artery continues along
the vertebral column as the orevertebral artery, and in the
region oi* the neck; brancnes into two carotid arteries, the
right and the reft, riach of these tnen divides into three
branches. One branch joins the external carotid, one goes
to the brain, ana the other goes in a more dorsal direction
to the eye (Ask Upmark, 193b j.
The region at the bifurcation of the brachiocephalic
trunk into the internal carotid, ana the point of anastomosis
between the internal ana external carotid arteries are
richly supplied with brancnes from the glossopharyngeal,
vagus, and sympathetic nerves (Ask-Upmark, 1935). "It is
remarkable to find that the innervation Ox the latter point
is more pronounced on the right sine where the origin of the
internal carotid from the common carotid has disappeared;
whereas the innervation of the lower ena was present only
on the left side where the base 01 tne internal carotid was
preserved.'' (Ask Upmark, 1933J
.
a question no\r arises as to which one is to be considered
the carotid sinus. This can be settled only by histological,
physiological, and embryoiogical work.
No mention has been made in the literature of endings
on the subclavian or aortic arteries.

Class V ixves
The pressoreceptors in the chict: include endings in the
carotid sinus, on the antero-Iaterai
,
postero-Iaterai
,
ana
antero-medial surfaces of the aorta, ana on the small olood
vessels that supply olood to one carotid body ^Nonidez, 195b j.
The endings in the carotin sinus are terminations of the
intercarotid or sinus nerve of nering. This nerve receives
myelinateu fibers from the ganglion nodosum of the vagus and
non-myelinated xibers from the 'tronco prevertebrale
precarotiaeo
’
(Nonidez, l95o /. The fibers from The ’tronco
prevertebrale precarotideo r have their origin in the glosso-
pharyngeal nerve. The terminations of the nerve in the sinus
appear as small rings or reticulated swellings in the outer
third of the meuie between the . insole cells, ana in the
externa. The v.alx of the sinus aoes not differ in strucTure
from the wail of the internal carotin artery except in the
presence or nerve endings u«onidez, 19obj.
The aorta receives nerve fibers rrom the right aortic
depressor nerve an,, the accessory uepressor nerve. The
aortic uepressor nerve arises directly ilom the ganglion
nodosum at its cauaai portion. This nerve uay also receive
non-myelinatea sy ipathetic fibers rrom the T tronco preverte-
brale precarotideo’. These ribers enu as ring-shaped, or
fairly large club-shaped, swellings in the media between
the smooth muscle celrs of the antero-lateral and antero-
menial portion of the aorta (nonidez, 193b J. In some cases
-
-
} < J il 1
13
the libers may even reach the endothelium. The accessory
depressor nerve also arises from the ganglion no'dosuia just
above the point of origin o_ the aortic depressor nerve.
Its fibers terminate in the media and externa on the postero-
lateral surface of the aorta. This nerve may have ganglion
cel^s along its course in the externa of the aorta. ^Nonidez,
195b, and Brown, 195b.
)
x.erve endings also occur on the walls of the small arter-
ies supplying the carotid glomus. The reticulated terminations
in this case are usually flattened (De Castro, 1926; Juratori
,
195b )
.
a j-ass /1 ma-una -i- x a
In most mammals the pressoreceptors include endings in
the carotid sinus, on the right subclavian artery, anu on
the arch of the aorta. The carotid sinus is supplied by a
branch of the glossopharyngeal nerve, the sinus nerve, and
a branch of the vagus. The aortic depressor nerve, which
arises oy two roots, one from the vagus and one from the
superior laryngeal, supplies the wall of the aorta ant the
right subclavian (neymans and Bouckaert, 1950 J
.
The carotid sinus is- the chief pressoreceptor organ.
It is located at the base of the internal carotid or at the
base of the most important artery destined for the cranial
region (Ask Upmark, 195^. it is plentifully supplied with
-
14
nerve endings, and its structure will be described in detail
later.
^ubcxass marsupials
Since nost of the animals in this group have the pecu-
liar characteristic of hanging by their tails or paws, one
would expect to find a large carotid sinus, or other highly
specialized pressoreceptor organ.
In Didelphys
,
the only species investigated, the base
of the internal carotid has a thinner wall ana is of greater
size than the rest of the artery, it is supplied by branches
from the glossopharyngeal, the vagus, the hypoglossal, and the
sympa the t i c ne rve s
.
ho histolo icar study ha:, been made of the carotid sinus
or wall of the aortic and subclavian arteries in order to
determine the presence or absence oi pressoreceptor nerve
enaings
.
subclass monad elphia
Qraer Cetacea
There is a marked dilatation at the origin of the
internal carotid artery. The adventitia in this particular
region is much thicker than in other parts. This region
receives branches from the glossopharyngeal ana the vagus
nerves and thus may be homologous v/ith the carotid sinus
found in the higher mammals.
^
Ask Upmark, 193b).

Order Ungulata
Suborder Perissoauc tyla
In Tapireila
,
the only species investigated,
the internal carotid artery arises in common with the occipita
artery from the common carotid. This common origin presents
no dilatation, out is plentifully supplied with branches
of the glossopharyngeal, vagus, ana. sympathetic nerves. This
common origin may be homologous with the carotid sinus found
in the do s ana cats.
suborner mJtiodact; la
In Camelus bactriaiius the carotid bifurcation
into the external, lingual, and occipital arteries is supplied
with Drancnes from the glossopharyngeal, vagus, ana the sym-
pathetic nerves. In the genus Llama the same condition per-
sists, except that there is a slight dilatation at the base
of the internal carotid, in the genus Capra the internal
carotia artery has a common origin with the occipital artery.
This region is also supplied with branches from the glosso-
pharyngeal, vagus, ana sympatnetic nerves. (Ask; Upmark, 1905)
Order hodentia
ouboraer hystrioomorpha
In the guinea pig the pressoreceptors include
endings in the carotid sinus, on the right subclavian artery,
on the arch of the aorta, ana on the innominate artery. The
carotid sinus is suppliea mainly by a branch of the sinus
'
nerve of Hering. The aortic depressor sends fibers to the
externa and outer third of the media or the aorta, the
subciavian, ana the innominate arteries. The aortic nerves
carry a relatively small number oi thick afferent fibers
(koniaez, 1955).
Buboruer hyoraorpha
The pressoreceptors of the rat are identical
v/ith those present in the guinea pig. The right aortic
depressor is relatively thin ana supplies the base of the
right subclavian i^onidez, 195o). On the left side the left
aortic depressor nerve sends libers to the arch of the
aorta, the subclavian, ana the innominate arteries.
Buboraer Lagonorpha
The pressoreceptors in xhe rabbit incluae the
enaings in the carotia sinus, on the suoclavian, innominate,
ana aortic arteries. The right aortic depressor nerve, an
inaepenaent nerve trunk on the right side of the neck iesiai
to the cervical sympathetic or between it and the vagus,
senas fibers chiefly to the super-lateral portion of the right
subclavian, ana the left aortic uepressor nerve, an inde-
pendent nerve on the left siae of the neck, sends fibers
to the arch of the aorta (Heymans ana Bouckaert
,
1956;
konidez, 19o5). This nerve may also send fibers to the small
fibrous blood vessels supplying the aortic glomus ana to the
innominate artery. The intercarotiu
,
or sinus nerve of hering
.
senas fibers to the aaventitia of the carotia sinus.
The terminations of those nerves are found in the
externa and in the outer third of the media of the vessel
concerned. The fibers never reach the inti ia as they do in
birds, ho gangxion cells were ever seen in the wall of the
aorta or subclavian artery. u*oniaez
,
193by.
The carotid sinus nerve arises from the gxossopharyn-
geal nerve; wnereas the aortic depressor nerve arises by
three roots, the vagus, tne superior laryngeal, and the
oerviear sympathetic (lionidez, 193b;. The left aortic depres-
sor nerve is larger than the ri jit because of its wide field
of distribution, noth the right ana left aortic nerves
furnish pressoreceptors to tne branches of the arteries
supplying the aortic glomera. (Nonidez, 193b y . A few of
the fibers from the anterior branch of the left aortic nerve
and from the aortic branch of the vagus may terminate as
pressoreceptors in the ductus arteriosus. (llonidez, 193by.
The terminations of these various nerves all possess
ring-like, or club-shaped, reticulated swellings in which
tne neurofibrils are plainly visible. The endings on the
ductus arteriosus, however, are much simpler than those in
the aorta. The reticulated swellings may be either ter-
minal or subterminal. This difference in size and position
of the ter..dilations may account for the different degrees
of responses upon stimulation. '*bince the excitant in
. (
this case is entirely mechanioal, the passive approximation
or the connective tissue fibers during stretching of the
wail will first compress the thicker reticulated swellings
of the nerve ending initiating periodic discharges, A
higher arterial pressure will presumably intensify the
compression ana affect the thinner portions of the arbori-
zations.” (3ronk and Atella, 19S2J. The . coarse arborizations
have a lower threshold than the thinner :ore diffuse
arborization.
Qraer insectivora
In jurinaceus europoeus
,
the only specimen stuaied,
a slight bulb-like uilatation is present at the base of
the internal carotid artery. The internal and the occipital
arteries emerge together from the dilatation. It is
supplied with branches from the glossopharyngeal
,
vagus
and sympathetic nerves. It is a question, however,
whether this is the carotin sinus.
oraer ohiroptexu
In the Australian bat, an animal 'chat continually
hangs from its claws with heaa down, one woula expect to find
a very large ana well-developed carotid sinus. The internal
carotid, however, possesses no bulbous dilatation at its
origin, jut is very richly supplied with branches of the
glossopharyngeal, vagus, and" hypoglossal nerves.
Ii
Order Carnivora
19
oil o or or 11 s sipeaia
In tne dog the pressoreceptors include
endings in the carotin sinus, on the external carotid, occipital.
,
right subclavian, innominate, pulmonary, left subclavian,
and aortic arteries.
The carotin sinus is a bulb-like dilatation on the base
of tne internal carotin. Its walls are thinner, less aus-
cuior, anu more elastic than the carotin artery (asx Jpmark,
19db i . Nerve endings with bulbous swellings in which the
neurofibrils are plainly visible, art present in the adven-
titia between tne coliageuous x'ioers, and in the outer third
of the menia. Tnese nerve endings are terminations of a branc:
oi' the glossopharyngeal ..erve, of tne superior cervical
ganglion oi tne sympathetic, and of the vagus.
The remaining terminations occur in tne externa or outer
thiru of tne ..xe^ia in the particular vessel involved. These
terminations ire tne endings of the aortic depressor nerve,
whicn arises by two roots, o;*e from tne vagus, and the otner
from tne superior xaryngeai nerve. This nerve is not an
independent nerve in the dog, but courses along as a separata
oundle in the vagc-sympathetic trunk. Upon leaving the
vago-sympathetic trunk at the level, of the inferior cervical
ganglion, the fibers of tne aoitic uepressor nerve do not
go uirectx.^ to their respective arteries as in the rabbit,
I\
20
cut, ana 0uinea pig, but join other nerves. The right uortic
depressor nerve after leaving the vago-sympathetic trunk; enters
the right caruiac nerve, it then continues to the aortic
nerve ana finally reaches its termination in the distal por-
tion of uhe innominate artery and base of tne subclavian
(honiaez, u3b7 j. The aa. : or part of the fibers are the sym-
pathetic postman .ionics from the inferior cervical ganglion.
The nerve terminations are similar to those found in the cat.
"Upon reaching the level of the inferior cervical ganglion
the fibers of the left aortic bundle join an anastomosis
between this ganglion and the left cardiac nerve except
for a number of them whica enter the ganglion to emerge
with a bundle oi post-ganglionics running as a thin nerve
between tne innominate artery and tne left subclavian.
The aortic ftpers within the left cardiac nerve reach the
externa of tne aorta and end as pressoreceptor arborizations
in the externa and outer third of the media. The nerve,
however, aoes not end in this vessel, for some of the aortic
fibers run on tne anterior surface of the ductus arteriosus
and are aistributed over the anterior aspect of the Difureatioi:
of the pulmonary, trumt, forming a second pressoreceptor area
not present in the rabbit and cat, although in these animals
I
tnere are pressoreceptor endings in the vail of the ductus
arteriosus." (foniaez, nyobj. The sympathetic nerve carrying
aortic libers on the left side is not as large as the cardiac
(
nerve. it sends branches to the innominate nd to the left
subclavian arteries. Wheri it reaches the aorta it contributes
to the formation of the arch of the aorta.
The largest number of nerve terminations occurs in the
anterior surface of the aorta inste .d of in the supero-
posterior region as in the ease of the rabbit. o presso-
receptor endirgs are .resent in either tie ascending or the
descending portion of the aorta.. This i also true of the
guinea pig, rabbit, and cat.
stimulation of any of the pressoreceptors by an increase
in blood pressure rill reflerly bring about a drop in blood
pressure, retardation of heart rate and respiration. The
afferent pathways include the carotic sinus nerve end the
aortic depressor nerve. The efferent pathway a include
motor neurones, autono; ic and cerebro-s] inai which iimervate
the heart, -blood vessels and respiratory .muscles. The afferent
nerves maintain a state of tonic inhibition over the centers
in the medulla, since when they are cut, there is an increase
in the heart rate, respiration, and blood pressure (Co..troe
ana Schmidt
,
1940 J
.
These different effects seem to be independent of one
another. There may iratory effect without
any circulatory effect whatever, '..nether different types of
nerve terminations are involved is still an unsolved problem.
'’The respiratory mechanism appe rs to be more sensitive to
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changes in pulsation than to changes in mean pressure."
(ochmidt, ^940). The endings in the aortic arch are more
important in the regulation of heart rate than are those in
the carotid sinus (Schneyer, 193b). A cardiac reflex set
up in the carotid sinus may be entirely reversed by stimu-
lation of the aortic arches. The cardiac reflex responds
sooner and is more poorly maintained than the respiratory
effect (hinder, 1937).
These nerve endings thus far aiscusse are thought to be
depressor endings, since on stimulation wit i increase in
pressure they cause cardiac inhioition, a decrease in the
blood pressure, and a decrease in the rate of respiration.
It has also been shown that decreasing the blood pressure
uoes not arouse a pressor activity, since after denervation
there is no further fall in the blood pressure (Hering
,
1929,
quoted by Hweeny
,
1940). ./right (19o9, quoted by Jweany, 1940
still claims, however, that there are pressor endings present
which are stimulated by either a fail in pressure or an in-
crease in pressure at very low pressure levels and briny about
an effect opposite to that brought about by stimulation
of the depressor endings. In support of this statement he
showed that on raisin_ the pressure in the carotid sinus of
the cat from zero to fifty millimeters, he obtained a reflex
rise in pressure, daymans and bouccaert (1939, quoted by
oweeny, 1940) had previously obtained a similar response
in the dog. Mcbov/all (1939, quoted by Oweany
,
1940) showed

that after a hemorrhage, section of the vagus may further
decrease the blood pressure and stimulation of the centre 1
end of the cut vagus nerve may increase the blood pressure
.
This is in agreement with right T s view on the presence
of pressor fibers. Sweeny (1940), however, using the same
technique as mcbov/aii obtained results contrary to those
of bright. Sufficient experimentation lias not been carried
out to warrant any conclusion regarding the presence or
absence of pressor fibers.
The anatomical arrangement of these endings presents an
advantageous position for stimulation by changes in pressure,
stimulation is brought about by a distension of the wall and
the response is uirectly proportional to tne amount of dis-
tension (Tournade ana Jubreuil, ^bosj.
The pressoreceptors 01 tne cat present tne same arterial
Iocs _izat ion and nervous sup ly 1 or the most part as the dog.
The carotid sinus of the cat, however
,
is supplied by a
branch of the hypoglossal nerve in addition to the other
nerves present in the do, . in the cat the aortic depressor
nerve is am independent nerve and some of the fioers are
quite thicu. ivlost of the terminal arborizations of the
aortic fibers lie in the externa of the arteries or between
the latter anu the -ledia. Tnere are a] no some endings
or a 3 .nit in tie media. In such instances the branches of
tne arborizations are situated between tne elastic . .embranes
.
V
In no case do they reach the intima as in birds. The enlarge-
ments may be terminal, subterminal , or may be placed some-
where in the course of the branches. In the case of the
arborizations located in the outer portion of the media,
the reticulated enlargements lie between the fenestrated
elastic membranes of this layer (h'oniaez, 1935).
Order - r i.-.ates
ouooruer imm.iuroinea
In i eronicticus pott o , the only specimen
examined, tnere is a bulbous- li .e dilatation at the base
of the internal carotid artery, it is supplied by branches
of the glossopharyngeal, vagus, ana the sympathetic nerves,
(xvsk Upmark, iao5j.
suborner ^tnropcidea
In monkeys, chimpanzees, and nan a bulbous-
like airatation is present at the case of the internal caro-
tin artery (Ian Hill, 1933; hoyd, 1937). It is referred to
as the carotid sinus and is supplied by the vagus, glosso-
pharyngeal, and hypoglossal nerves. Anastomoses are often
present between the vagus and the glossopharyn eal nerves
in the carotin sinus. This is not true of any of the
vertebrates thus far studied (Courdier and Coulonrae, 1952).
In man the branch of the glossopharyngeal or sinus nerve is
a single "strand or a leash of fibers, lying usually in
the posterior part of the space beti een the internal and

external carotin and running downward toward the sinus over
the wall of which it ramified." (Ian Hill, 1935).
Nerve endings are also present on the walls of the
aorta and right subclavian arteries. These endings ere
terminations of the aortic depressor nerve. These presso-
receptor endings are similar in histological structure to
taose already described in the do^.
stimulation of any of these pressoreceptors brings
about trie same responses as in the dog. The reflexes brought
about by stimulation of any of tne pressoreceptor endings are
bilateral rather than unilateral as in the cat and dog.
In man eacn vagus nerve innervates the sino-atrial none
(Hoff and Nahum, 1935 j. In the nog, however, only the
ri lit vagus innervates the sino-atrial none. "The fibers
of the lowest threshold in the vagus innervate the S. A.
node." (Hoff ann i.uhum, 1935).
In man as well as in the dog the nerves maintain a
state of tonic inhibition (Niizescu, Jacobovici, and lop,
1929). The function of tne pressoreceptors is the same here
as in trie case of the nogs (Hnderle, 1924, quoted by Ian
Hill
,
1933). linnerle and Tillman (1924, quoted by Ian Hill,
19o^j showed that increase in pressure within the carotid
sinus caused reflexly a decrease in blood pressure from
one hundred five to sixty-seven millimeters of mercury. They
also obtained a reduction in heart rate from eignty to
seventy-two beats per minute.
tf'i!
-
i-art II Chemor e c e p t or s
Since the physiology of the carotid sinus was Ltnown long
before the function of the carotid oody was mown, it had
been believea that the carotin sinus region played a dual
function, tnat of a cnerao- ana a pressoreceptor. However,
it was soon shown that by tying off the carotin sinus below
one emergence of the recurrent laryngeal nerve, trie presso-
receptor activity was abolished witnout any effect on trie
chemoreceotor activity (bouclcaert
,
Dautreband, and iieymans
,
1930). The actual localization of the chemoreceptors was
done by Schmidt (19o7). In the dog, he ligated the occi-
pital artery at its origin and reducen or abolished the reflex
effects of alterations in one gas content of the blood in
the carotins. Gollv/itzer arm Neier (1934, quoted by Conroe
arm Schmidt, 1940) obtained the same results by injections
of alpha-lobeline ana sodium cyanide. Neither could decide
whether the chemoreceptors were locaten in the carotid
bony or in the first portion of the occipital artery.
Conroe arm Schmidt (194u) showed that the effects of intra-
carotin injection of small doses of lobeline or cyanide
were entirely abolished on clamping the small artery to the
carotid body ann restorea on opening this vessel. This
seemed to show that the carotid is the only location of
importance for chemoreceptors in this region. They also
concluded, from vessel anastomoses arm perfusion experi-
I
merits, that tne pressoreceptors are limited to the carotid
sinus region, and are not present in the occipital artery
or carotid ocdy.
The histological structure of the organs containing
the cheuorecepior endings is practically similar in the
different forms of vertebrates stuuiea. The organs are
very richly supplied with blood vessels. There is a special
arteriole and venule to eacn group of cehs. linusoias or
thin-walled capillaries are very abundant. Around the
arteries is a net work: of nerve fibers derived from the
glossopharyngeal, vagus, nypo.
.
moss' s
,
and the cervical
sympathetic. The aortic depressor is one oi the more impor-
tant nerves, maen cell of tne carotid body has a well-marked
Golgi apparatus placed between tne nucleus and the side
of tne ceix in contact witn the bloou vessel. The carotid
boay is tne largest of the paraganglia, and like the other
epithelial bodies, it is composed ox cords of polygonal
cells near the endothelium of the blood vessels. Ganglion
cells along the coras of tne glouera ; re very scarce and
unusual, brown (19obJ suggested that they represented
dislocated ganglia from the ganglion nodosum of the
vagus
.
The chemoreceptors are more widely scattered than are
the pressoreceptors. They include tne carotid ana aortic
bodies, tne paragangiion supracardiale
,
the paraganglion
supracardiale super ius, the paraganglion supracardiale
<i
infer ius. All these are not present in any one farra ana
their presence in the various forms of vertebrates
investigated will be aiscussed. The carotid body is a deri-
vative of the mesodern oi the third branchial arch and
the ectoderm of the glossopharyngeal nerve (Boya, 1957).
The aortic body arises from the fourth arch ana the ectoderm
of the vagus nerve; ana the paraganglion supracardiale
,
the
paraganglion supracardiale supe_ius ana the paraganglion
supracardiale inferius from the sixth arch (Honidez, 193b).
The embryology will be aiscussed in detail in the animals in
v/nich it nas been workeu out.
These boaies are stimulated by changes in the respi-
ratory ^ases of the blood, or oy cnanges in the metabolism
within the tissue itself, ms previously statea in the intro-
auction, earlier investigators consiuerea the centers in
the medulla of prime importance in response to oxygen lack,
ueseli (1933; claimed that oxygen lack increasea the acid
metabolism of the respiratory center. nouckaert, Dautre-
bande
,
and heymans (1930) were the first to suggest that
the carotid body region is affected by oxygen lack, carbon
dioxide increase, or injection of alpiia-lobeline and sodium
cyanide. Jince this important contribution, a controversy
has arisen as to whether oxygen lack or carbon aioxide
increase has the greater effect on the carotid body region.
=

Resell, .uapides, ana ±,evin (194uj have shown that the
respiratory tracing curing carbon uioxiae administration
remains me same after complete uenervation of the ch©mo-
re cepxive areas; whereas the xrecing during oxygen
aeficiency is considerably altered after chemoreceptive
denervation. This indicates that the chemoreceptors are
more sensitive to a lack in oxygen and the respiratory
center is more sensitive to carbon Uioxiae increase.
Others claim, however
,
that trie chemoreceptors are more
sensitive to both oxygen and carbon uioxiae changes than is
the respiratory center (Heymans, 1909, quotea by Gesell,
lapiaes ana levin, 1940 J . Still others claim that the chemo-
receptors are accessory organs useu in time of emergency,
ana that during normal breathing the centers in the medulla
are or greatest importance ( Conroe ana Schmidt, 1908;
Sohmiat
,
Dumke
,
ana Dripps, 1909; Schmiat and Conroe
,
1940 j
.
Others suggest that the chemoreceptors ana the centers parti-
cipate jointly in the control of normal breathing, ana a highei
aegree of intensity of chemical stimulus is needea to affect
the center when the chemoreceptors are uenervated (Bernthal
ana ..eeks, 1909 J . Comroe ana Schmidt (1938 J pointed out that
the carotid body receptors are more resistant than the cells
or the center to depression by narcotics, anoxia, and to
excessive carbon aioxide tension. This reflex mechanism
keeps respiration going when the ceils of the center have
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lost practicably all of their ability to respond to changes
in their immediate environment, luring anesthesia the
response of the centers in the medulla to oxygen lack is
either missing or reduced (Reymans and boucxaert
,
1959;
Schmidt ana Conroe
,
1940.; This nay account for the difference
in opinion as to the relative importance of the centers
in the medulla and the chemore captors
,
in their response
to carbon-dioxide increase and oxygen lacd
^.s pointed out earlier, alpha-lobeline and sodium cyanide
have the same effect as oxygen lacx on the chemoreceptor s
.
Cyanide and lobeline act oy preventing the formation of the
enzyme oxidase, which is necessary for oxidation to
taxe place. -lithout oxiaase there is an accumulation of
acid and this ecia may act as a stimulus. This would seem
to indicate that the activity of the chemoreceotors depends
not only upon changes in the respiratory gases in the
blood, out also upon changes in its own metabolism. i'he
formation of lactic acid is necessary for its excitation
(binder, 1937; lernthal, 1939 J. Loca_L increase in tempera-
ture causes an increase in the metabolism of that particular
region, and if the environment remains the same the degree
of excitation consequently increases (Bemthal and .ee’xs,
1939; binder, 1957 j . Use of indoacetic acid prevents the
response oi the chemoreceptor to anoxia finder, 1937 j
.
-'
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The decree of excitation of the chemoreceptors is directly
proportional to their internal aciaity (Bernthal, 1938}.
The aortic bodies, supracardiale paraganglion ana others
all play minor roles as che. lorecepti ve organs. The carotid
body is the most important
.
Class i Gy clo stomata
In Cyciostomata
,
no investigation, as r&r as i have
been able to ascertain, has been made on the presence or
absence of these chemoreceptors.
olass il Pisces
Jub class -.lasmooranchii
The Llasmobranchs
,
sting ray and sane sharks, have a very
large carotia gland, it is twenty times larger than the one
found in man. "It lies in the posterior cardinal sinus
and is attached to its posterior wall by only a few strands
of fibrous tissue, a few nerve fibers and the axillary
artery which runs through its upper pole." (Christie, 1933).
The nerve fibers arise in the vagus nerve and from the
gastric ganglion. This structure haa been described
earlier by Lutz as the suprarenal gland (19B7).
4n exhaustive survey of the literature disclosed no
reference to this body as the carotid gland by anyone other
than Chrisrie. Gince Christie does not mention Lutz's
work in his bibliography or text, it may be concluded that
Lutz's assumption is correct. In audition, it does not

seem at all plausible that a carotid gland would be so large
in the Nlasmobranchs as described by Christie.
Class III Amphibia
subclass Urouela
1 was not aole to find any literature regarding the
aquatic amphibia.
oubc-ass imura
Oxygen lack in the frogs causes an increased rate of
respiration. When the carotid gland is denervated oxygen
lack has no effect. This would seem to indicate that the
carotid gland does contain cnemoreceptors (Smith, 1939 J.
The aortic region also responds to changes in the respiratory
gases in the blood, but the carotid region is more important.
The carotid gland does not react to changes in the carbon
dioxide content of the blood since the carotid arteries
do not carry brood containing carbon dioxide. Carbon
dioxide is eliminated mainly through the skin (Smith, 1939).
ns in the mammals the carotid gland is derived from the
third branchial arch. No histological studies have as
yet been made to determine the presence or absence of the
particular type of nerve ending involved in chemore captive
activity, altnough the writer has found nerve fibers which
may be chemoreceptors.
Class IV Keptilia
No work has been done as far as I have been able to
ascertain to determine the presence or absence of the
chemoreceptors
.
'
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Class V. n.ve
s
The carotid body ana paraganglion supracardiale aorticuni
contain the chemoreceptors in ihe chicks (Konidez, 1935).
The carotid body is locatea at the bifurcation of the
common carotid into the internal ana external carotia arteries,
small artery that arises from the bifurcation constitutes
its main blood supply. It is innervated by a branch of the
carotid depressor nerve, which arises from the ganglion
nodosum of the vagus, and by a branch of the ’ tronco
prevertebrale precarotiueo f
,
v/hich consists of non-
myelinated sympathetic fibers arising from the glosso-
pharyngal nerve (Terni, 1931, quoted by Nonidez, 1935).
mince it arises from the glossopharyngeal nerve it may be
considered homologous Y/ith the sinus nerve of Bering found
in the mammals. The carotid body consists of large epithe-
lial cells richly supplied v/ith blooa vessels and nerves.
The paraganglion supracardiale aorticum consists of
large encapsulated nerve endings in the media above the opening
of the aorta. The encapsulated enaings consist of an outer
thin layer of connective tissue. Inside this layer there is
a large number of round cells v/ith round or oval nuclei. The
cytoplasm of these cells is clear or slightly granular
(Nonidez, 1935). Bach contains a well defined Golgi apparatus.
These cells are identical with those found in the carotid
body. The encapsulated nerve endings are separated from each
other by spaces in v/hich course the nerve fibers destined for
''
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the corpuscle. The nerve fibers enter the capsule at any
point. The enaings of these fibers possess either the bulbous
swellings or delicate rings encircling the cells. Sons of
these endings are in direct contact with the cell, others are
in the intercellular spaces. The nerve endings are termina-
tions of a branch of the aortic depressor nerve. The aortic
depressor may be fused with the accessory depressor or with
the nerves supplying the glomus aorticum. . Only the right
aortic depressor nerve is present. On the left side the
subclavian artery still persists.
whether this structure is really homologous with the
paraganglion aorticum. or the aortic body in the mammals is
still a question to be decided. It could be determined
embryologies lly
,
if in no other way. In mammals, the aortic
v
body is a derivative of the fourth aortic arch, while the
paraganglion supracaraiale is a derivative of the sixth
aortic arch (Nonidez, 1935).
Class VI Mammalia
Subclass Monodelphia
Order Ungulata
Juboraer Artionactyla
The carotid body is the only chemoreceptor
that has been described in the calf. The carotid body is
first seen as a thickening of mesoderm in close relation
.•
.
.
.
.
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to the third aortic arch on its ventral and external sine.
In the fifteen millimeter stage it receives a branch from
the glossopharyngeal nerve (Jnith, 1924, 1925). The
ganglion nodosum and the superior cervical sympathetic
ganglion come into the region of the carotid body. The vagus
and the pharyngeal branch of the ninth nerve anastomose at
the twenty-five millimeter stage. Sympathetic ganglia are
grouped peripherally and develop into large lobulated masses
(Smith, 1955). ms the embryo grov.rs
,
the tissue accompanying
the rich nerve supply is the one which develops faster and
forms a lobulated thick outer stratum.
The carotid body receives its blood supply in the
nineteenth millimeter stage from a branch of the external
carotid artery. Later it receives its blooa supply from a
branch of the internal carotid artery. The arteries do not
terminate in the carotid body but pass beyona it ana
terminate in the surrounding tissue. The capillaries of
the carotid boay possess a definite wall and uo not form a
glomerular arrangement. The smaller vessels on the arterial
side are thicker than those on the venous side. Muscle cells
are present only on the large entering blood vessels.
Lmbryonic cellular elements of sympathetic origin are derived
from cells originating from both the cervical ana cranial
sympathetic.
..
.
.
Chromaffin cells are very abundant. They are larger,
have a more lightly stained nucleus than the non-chromaffin
cells. The chromaffin cells are similar to the celj.s of
the medulla of the suprarenal and, like them, are
associated with the sympathetic system in their development
.
From the description of the embryology one can conclude
that the carotid body is intimately associated with the
vascular network of the third arch.
Order rodent ia
Cuborder Kystriconorpha
In the guinea pigs the only chemoreceptors
present are the carotio. body and the paraganglion supra-
cardiale aorticum. The carotid body is located in the angle
formed by the bifurcation of the comuon carotid into the
internal and external carotid arteries, fiabl (19o£, quoted
by Boyd, 1907) pointed out tne uerivation of the carotid
body from a uifferent iation of the mesodermal cells related
to the internal carotid artery. The glossopharyngeal nerve
is very closely allied to the carotid body.
The aortic nerves carry a relatively small number of
thick afferent fibers. The distribution of the aortic nerves
is very similar to that in the rabbit and cat. The aortic
^lomera are usually infra-aortic . The right glomus occurs
below the subclavian of its sides; v/hile the left is usually
located belov/ the arcn of the aorta. The aortic body is a

dense structure composed of groups of cells separatea from
eacii other by strands of connective tissue, containing the
smaller vessels. It soon becomes infiltrated with fat cells
ana is lore densely fibrous. It lacks chromaffin cells.
"In the glomus of the guinea pig there appear a large number
of nerve branches with peculiar terminations. In some
cases they look as rather simple, bifurcated reticular
swellings which may embrace a glomus cell or one or more
smaller cells or a fibroolastic nature, belonging to the
thin connective tissue capsule of the cord or to the externa
of the smaller arterial branches. In other instances these
terminations are more complex and may give rise to a
basket enclosing one or more epithelial cells. This latter
arrangement is a very characteristic feature of the
paraganglion aorticuu of the cat." (Nonidez, 1955 j.
ouboraer myomorpha
In the rat the carotid oody is the only
ohemoreceptc ^und discussed in the literature. The
carotid body uevelops in auch the same way as in the calf.
^ small group of sympathetic fibers from the carotid body
may be traced to the hypoglossal nerve in the seventeen-
aay embryo. No such connection exists in the calf. The
sympathetic cells are peripheral but not as profuse as in
the calf (hmith
,
1924, 1925}. The carotid body receives
,.
.
.
.
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its main blood supply at first fro.a the external carotid or
occipital arteries, and its nerve supply iron a branch of
the lossopharyngeal nerve. No chromaffin cells are present.
ub ord e r h ~
,
-q: 10rpha
In the rabbit the chemoreceptors are
included in the carotid body, the aortic bodies, and the
paragangiion aorticum. The aortic depressor nerve and the
Sinua nerve or nering are tine two afferent nerves. The
left aortic depressor nerve arises by tv;o roots, the va^us
ana the superior laryngeal. It. sends fibers to the aortic
body above the arch of the aorta, and to the supracsraiale
paragangiion aorticum. The right aortic depressor nerve
supplies the aortic body (lloridez, 19obJ. The sinus nerve
of riering supplies the carotid sinus.
The endings are more diffuse than they are in the
rat. The right aortic glomus occurs in the angle
. p _d by
the subclavian ana the common carotin; whereas the left
aortic glomus lies above the aorta mesial to the left
subclavian. The right aortic glomus receives blood through
branches of a small artery arising directly from the arch
of the aorta or from the left subclavian. The arteries,
however, do not terminate in the glomus but continue to
the surrounding tissue.
..
.
.
although the aortic glomus artery does not differ in
structure from other arteries, its proximal portion and
the large branches within the glomus have a thick adventitia,
in which are found rouno. nuclei. It appears more like a
vein than an artery* The arterial branches supplying the
glomus have pressoreceptor endings rather than chemoreceptor
endings. These pressoreceptor endings, however, are restrictec
to the bloou vessels that terminate in the glomus, itself.
The branches which pass beyond the glomus to supply the
surrounding tissue do not have pressoreceptors and their
externa is not thick nor cellular.
"After dividing amon0 the group or cords of epithelioid
cells of the glomus the arterial branches are continued
into the arterioles and capillaries . sms or more pie-
capillary arterioles cross the thin connective tissue capsule
enveloping each epithelial cell group breaking into thin-
walled capillaries among the glomus cells. The walls of
the capillaries are exceedingly thin and contain few nuclei,
oince there is barely any connective tissue between the wall
of each capillary and the glomus cell, most of the latter
seem to be in direct contact with the endothelium, a
condition also observed in the carotid body." (De Castro,
19£G; lionidez, 195b J.
j'wutn
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Order Carnivora
suborder Fissiueaiu
In the dog the chenoreceptors include the
carotid body, the paraganglion aupracardiale superius, ana
the paraganglion supracardiale inferius.
The carotid boay is found on the occipital artery which
arises from the carotin sinus proper. Denervating the
carotid sinus, however, has no effect on the chemical activity
of the carotid body (Heymans and Bouckaert, 1930}.
The carotid body consists of large epithelial cells of
a non- chromaffin nature. These cells are abundantly supplied
with nerves from the glossophryn^ eal nerve. The external
carotid and occipital arteries make up the vascular supply
of this organ. As the external carotid artery approaches
the carotid body the walls become thinner, the muscle begins
to disappear, but the elastic tissue is increased. This
is much the Scu.te structure as is found in the carotid sinus.
The beginning of the occipital artery is somewhat dilated
ana its wall is composed chiefly of elastic tissue. It is
called the occipital sinus due to its similarity with the
carotid sinus. From the occipital arises a branch also
elastic in nature at its beginning, and from this branch
originates the artery which supplies the carotid body
(Addison, 1940}.
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The paraganglion supracardiale superius and the
paraganglion supracardiale inferius are both located beneath
the arch of the aorta.
Localization of the aortic ohemoreceptors in the aortic
body rests upon the anatomical similarities between this and
the carotid body and upon the physiological experiments of
Cornroe (1939 ) . The latter was able, by intra-aortic injections
of cyanide or lobeline through a small catheter, which could
readily be moved in and out, to demonstrate that the
chemosensitive zone lies in dogs at a point at which a small
artery leaves the aorta to enter the aortic body. In one
experiment, he was able, by crushing the nerves in the
vicinity of the aortic body, to abolish chemoreceptor
activity in the aorta while retaining at least some presso-
receptor function.
These bodies receive their nerve supply from the left
aortic depressor. The dog lacks an independent aortic
depressor nerve. The aortic depressor nerve is closely
allied with the vagus sympathetic trunk, and arises by two
roots, one from the vagus and one from the superior laryn-
geal nerves. The aortic fibers leave the vago- sympathetic
trunk as it reaches the inferior cervical ganglion. Here
it joins the cardiac nerve fro 1 the vagus. The left depressor
nerve is a larger nerve than the right, since the left
supplies the pressoreceptors in the aorta, the aortic body,
..
.
.
.
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the paraganglion supracardiale superius and the paraganglion
supracardiale inferius. The right supplies the subclavian
artery and the aortic body. They receive their blood supply
from the transverse aorta.
These receptors are sensitive both to oxygen lack and
carbon aioxide excess. Oxygen lack, however, is mainly
reflex and carbon aioxide increase is mainly central in
its activity (Comroe and Schmidt, 1937; (resell, Lapides
and Levin, 1940 j
.
The carotid chemoreceptors play a major role in the
regulation of respiration and the aortic chemoreceptors
play a major role in the regulation of blood pressure (Comroe,
1939)
.
In the dog Kaufman (1938) pointed out that stimulation
of the carotid boay inhibits the reflex contraction of the
tibialis anticus muscle of the leg. Inhibition of the
tibialis anticus muscle begins simultaneously with chemical
stimulation of the carotid body and lasts throughout the
stimulation. This would favor respiratory adjustments in
\
time of need; indicating that the carotid body and the
other chemo- and pressoreceptors are chiefly protective in
nature
.
In the cat the chemoreceptors include the carotid body,
the aortic body, and the paraganglion supracaraiale aorticum.
..
.
.
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The carotid body in the cat is a small oval reddish body
possessing chromaffin cells (Gerard and Billingsley, 1923;
Bmith 1924 j.
In 1904 it was described as an epitheliod body enclosed
in a fibrous capsule. band of fibrous tissue penetrates the
body separating it into halves. From this main partition other
fibers diverge dividing the body into lobules. The fibrous
tissue is richly supplied with blood vessels. The lobules
are composed of irregularly arranged cells separated by a
delicate reticulum. The cells are large and bear an intimate
relation to the blood fibers (Funke, 1904 j. At that time no
mention had been maae of chemoreceptor nerve endings. Since
then, however, various chemoreceptor nerve endings have been
described (Nonidez, 1935). The arterial portion has
sympathetically innervated smooth muscle in its walls, while
the venous portion has chromaffin paraganglionic cells
surrounded by sensory endings.
The paraganglion supracaraiale aorticum is located
below the arch of the aorta. It consists or irregular masses
i
of roundish epithelioid cells extending from the arch of
the aorta to the base of the heart, in the space between the
ascending aorta and the pulmonary artery. It consists of
at least two types of cells, namely large, spherical elements
-.
.
.
. . J. .
.
.
.
.
.
'
44
containing fine yellowish granules in the cytoplasm and
smaller, more irregular cells without conspicuous granulations.
The paraganglion ceils are arranged into roundish groups
containing variable numbers of cells* Bach group of lobule
is surrounded by a thin capsule which is not clearly
separated from the adjacent interlobular stroma. The lobules
are aggregated into larger masses of various sizes. In the
newborn kitten this paraganglion receives its blood supply
from the pulmonary artery (Boyd, 19o7, Nonidez
,
1935]. In
the aault the blood supply has either an aortic or coronary
origin (Goormatigh and Pannier, 1939). The original
pulmonary blood supply of the paraganglion supracardiale
aorticum becomes connecoed with new vessels arising from
one or both coronary arteries or from the aorta itself
(Goormatigh and Pannier, 1959). The vessel from the pul-
monary increases its rate of cell aivision. This raises
the endothelial lining. The endothelial walls then meet,
fuse, ana aisappear, leaving the middle of the vessel filled
with connective tissue. (Hollinshead
,
1940).
The. aortic glomera are small paired epithelial masses.
The right aortic glomus is located above the subclavian
artery near the angle formed by it and the carotid artery.
The left aortic glomus, however, is situated above the
aortic arch. Their histological structure is similar to
. liJ'
.
. I .
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tile structure of the carotid body previously described.
In the cat scattered yellowish cells exist in both the
aortic glomus and the paraganglion supracardiale aorticum.
The relative parts played by the carotid and aortic
chemoreceptors are rauch more variable in the cat than in the
cog (Comroe, 19o4). Usually the carotid bodies play a major
role in the regulation of blood pressure, and the aortic
chemoreceptors play a major role in the regulation of
respirat ion.
Order Primata
Suborder Anthropoiae a
The cheniore captor system in man is similar to that
of the dogs. The chemoreceptor enaings are located in the
carotid body, the paraganglion supracardiale superius and
the paraganglion supracardiale inferius (Boyd, 1907).
The carotid bony is derived from the third branchial
arch artery and appears first as a mesodermal condensation
(Boyd, 1937).
This condensation lies in the bifurcation of the common
carotid artery or on the medial side of the upper end of
the common carotid, in close proximity to the superior
cervical ganglion. Very early in its development it receives
a branch of the glossopharyngeal nerve. In the twenty
millimeter stage, the cells of the condensation become
..
.
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.
differentiated, from those that make up the wall of the
internal carotid. The cells of the condensation are oval or
round. In the thirty millimeter stage, the ceils of the
condensation he come separated from the cells that go to form
the media ana adventitia of the internal carotid artery.
The paraganglion supracardiale superius is located
between the pulmonary artery and left coronary artery,
according to Bussachi and Palme ( 19 .34 , quoted by Boyd, 1957 )
it contains true chromaffin tissue. The paraganglion
supracardiale inferius is located between the descending
portion of the arch of the aorta ana the ductus arteriosus.
It also contains chromaffin tissue. In man the aortic
bodies migrate from their original position above the arch
of the aorta to the region below the ductus arteriosus.
Here they fuse with the paraganglion supracardiale superius
and as a consequence change its character. The same
migration may have taken place in the dogs (Palme, 1934;
Muratori, 1934).
Part III Other Bpithelioid Bodie s
Other groups of tissue morphologically similar to the
carotid and aortic bodies such as the coccygeal body have
not been investigated from the standpoint of either chemore-
ceptor or pressoreceptor function, diesel (190B, quoted
by Nonidez, 1933) described a collection of chromaffin
..
•
tissue situated near the origin of the coronary artery.
This may he the paraganglion supracardiale aorticum. Trinci
(1907, quoted by Nonidez, 1935) described chromaffin tissue
related to the base of the heart. The coccygeal body,
Luschka’s gland, occurs near the tip of the coccyx. It
receives its vascular supply from the middle sacral artery.
It consists of a network of arteries surrounded by polyhedral
granular cells, a sheath of connective tissue fibers binds
the organ. Numerous non-medullated nerve fibers are also
present
.
The true nature of the function of this body is still
unknown. It may, however, function as a chemoreceptor organ,
since in some cases a distinct response to changes in the
respiratory gases still persist after denervation of the
carotid and aortic regions. (Comroe and Schmidt, 1935).
It has been shown by Heymans and his coworkers (1937
)
that even in the spinal dog, vg somotor reactions in both the
spleen and leg may develop to changes in pressure in the
aorta, though both the carotid sinus ana aortic arch
reflexes are excluded. The reactions depend mostly, but
not entirely, on pressure changes in the areas supplied by
the coelias axis ana superior mesenteric arteries. The
coccygeal body in that case may be the organ involved and
may possess pressoreceptor endings.
.,
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Part IV Possible G-landular Function
be Castro (1926) has pointed out the cytological
structure of an endocrine organ. He drew this conclusion
from the following evidence: "D* offrier un cytoplasms
vacuole, aont les vacuoles so trouvent a diverse degras,
a ’evolution, jusqu’a const ituer ue grande s vacuoles qui
vont occuper la partie peripherique du corpuscle. Les
modifications remarquees dans le noyeau quant a sa grosseur
et a sa chromaticite
,
coinciaente avec 1 ’elaboration de
vacuoles, les variations au chonariorae et aes granulations
lipoiaes. L ’existence de granulations lipoides et de grains
impregnables par 1’oriaium, variable en quantite ae quelques
elements a a’autres. L ’orientation vers le pole vasculaire
du reticule do Golgi, posage peut-etre ae plus grand
metabolisme du eytoplosme . ” Christie (1963).
Christie (1933) isolated a substance antagonistic to
adrenalin from a tumor of the carotid gland in man and from
the carotid gland in certain Llasmobranchs . In obtaining
the extract from the tumors of the carotid gland in man,
Christie (1933) thoroughly ground the glana in pure quartz
sana. lie then extracted the substance in the cold, using
sixty-five per cent alcohol acidified with acetic acid and
filtered. The alcohol was then evaporated off the filtrate
at a low temperature and pressure and the residue was diluted
'
with water. The extract v^as neutralized immediately before
used. He called this extract carotidin. The extract
caused powerful rhythmic contractions of the virgin guinea
pig uterus. These contractions differed from those that
can be produced by histamine or pituitrin. Injected
intravenously it resulted in a fall of blood pressure. It
differs from acetyl choline in that its action cannot be
abolished by small quantities of atropine.
from the carotid gland in the Ilasmobranchs
,
sharks
and sting rays, Christie (IQboj obtained two different types
of secretions. One is similar to adrenalin; while the
other is antagonistic to adrenalin and similar to the one
found in the carotid gland tumor of man. Injection of the
extract into the virgin guinea pig uterus brought about the
sane result as the extract from the human carotid land.
Control extracts of shark muscle and spleen. even in ten
times the concentration of the carotid glana extracts caused
no such contractions. The carotin glana extract of the
hlasuobranchs produces a relaxation of the rhythmically
contracting rabbit duodenum. This is similar to the effect
of adrenalin. This extract also produced a rise in blood
pressure which could not be produced by. extracts of the
muscle ana spleen with even ten times the dose of the
carotid gland extract.
> .
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.mn exhaustive study of the literature indicates no
confirmation of Christie’s work. Lutz, moreover, pointed
out earlier that this so-called carotid gland in the
Llasnobranchs is nothing more than suprarenal tissue (1987),
Christie’s work, therefore, aust be discounted until further
eviaence is found by other investigators to support his
statement
.
Fisher (1984, quoted oy Christie, 1923) has found in
man that after removal of the carotid gland listlessness and
calcification of the bone nay result. Klug (1924, quoted
by Christie, 1933 ) obtained no such results. Frugoni
(1913, quoted by Christie, 1935) observed with one to two
kilograms of calf carotid gland extract; a slight rise in
bleed pressure followed by a fall, he realized that these
were typical of the results obtained with any tissue extract.
To obtain such an enormous dosage, moreover, would require
fift„ tuousand calf g - (Christie, 19aej, It does not
seem possible, therefore, that he used only the carotid gland
of the calf. This work, therefore, must also be discounted.
Removal of the carotid body causes temporary glycosuria
in some animals (Yassali, 1913, quoted by Christie, 1933).
hxcision of the superior cervical ganglion is’ known to produce
glycosuria (Laziolotta, 1913, quoted by Christie, 1935). It
is quite possible that these investigators, in removing the
..
.
.
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carotid body also removed a part of the superior cervical
ganglion.
From these limited investigations no conclusive state-
ment can be drawn regarding the glandular function of these
bodies
.
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Pressor e ce p t ors - -chara cteristic nerve endings that
respond to changes in pressure* In the lower vertebrates
the regions responding to pressure changes are widespread.
In the higher vertebrates they are confined to more
definite regions.
1. Endings in the carotid sinus, from the
third arch.
. Endings on the right subclavian artery,
from the fourth arch.
3. Enaings on the arch of the aorta, from
the fourth arch.
The physiology of the pressoreceptors is almost identical
in the different forms studied. The glossopharyngeal and
the aortic depressor nerves are the prime afferent nerves.
Chemorac&^tors—characteristic nerve endings responding
to changes in the respiratory gases. They increase in
complexity up to the primates. In the primates and higher
mammals two different types of systems seem to exist.
1. Gat and Rabbit—small amount chromaffin cells
a. Carotid body, from the third arch.
b. Aortic bodies, from the fourth arch.
. Par&ganglion supracardiale
,
from the sixth arch.
2. Jog and Huian—no chromaffin cells.
a. Carotid body, from the third arch.
b. Paraganglion supracardiale superius, from the
fourth arch.
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c. Paraganglion supracaraiale inferius, from the
fourth arch.
The nerve endings of the pressoreceptors and the chemo
receptors are identical. The only possible way of uis-
tinguishing them is by their relative positions. The
cheraoreceptors are located close to the endothelium of the
capillaries or the arteries. They are usually associated
with epithelioid cells. The pressoreceptors, on the other
hand, are found in the adventitia or media of blood vessels
..
.
.
abstract
The literature reported in this paper indicates that
the chemo- and pressoreceptors exist in all the vertebrates
thus far investigated. The complexity of the different
chemo- and pressoreceptors varies directly with the complexity
of the form of the vertebrate studied. The histology of
the different chemoreceptors is practically identical. The
aortic aepressor and the glossopharyngeal nerves are the
afferent nerves.
The different pressoreceptors are also practically
identical. The main afferent nerves involved are the sinus
nerve of Hering and the aortic depressor nerve.
Much work has still to be done on the histology and
embryology of these various structures before a comparative
morphology, anywhere near adequate, can be compiled. Only
the mammalia seem to have received much attention.
ffi
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diagram shoving the pressoreceptors (in black] on
the right side of the body of a newly hatched chick,
based on a reconstruction front transverse serial sections.
(Chick ill; alcohol ammonia fixation.) a, arteria
anonyma ( inno; linage ) ; ao, aorta; cc, common carotin; c,
c’, internal and external carotids, respectively; d,
ductus arteriosus; an, depressor nerve; an*
,
accessory
depressor nerve; g, glomus caroticum; h, cardiac nerve;
i, depressor nerve of the carotin; n, ganglion nodosum
of vagus; np, nerves to pulmonary plexus; p, pulmonary
trunk; p r , right pul lonary artery; pc, prevertebral
precarotid trunk joining the ganglion nodosum and sending
a branch to the glomus; r, recurrent nerve; s, sub-
clavian artery; u, ultimobranchial body; v, vagus.
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Diagram showing the distribution of the aortic
(depressor] nerves (d, d * ) , the position of the aortic
glomi (g, g f ), and the paraganglion aorticum supra-
cardiale Qpa). Based on a transverse series of a new-
born rabbit, a, ansa subclavxa; b, innominate artery;
c, co.umon carotids; eg, cg r
,
inferior cervical ganglion;
kg, dg T
,
ganglion ax the junction of sympathetic rami
with the aortic nerve; dr, aortic branch of the vagus,
with dr f
,
its anastomosis with the ventral branch of the
aortic nerve; as, ramus of sympathetic joining the
aortic nerve; r, r*, recurrent nerve; s, s f s, cervical
sympathetic trunk; v, v*
,
vagus.
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Posterior view of the aorta ana the pulmonary trunk,
a", aortio fibers ending on the posterior surface of the
arch of the aorta; ag, epithelioid cell group (right
aortic glomus ); cr, cardiac branch of the left recurrent
nerve; g', g"
,
superior and inferior groups of epithelioid
boaies, respectively; ga, artery to superior epithelioid
bodies. Other letters as in preceding figure.
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Diagram showing the distribution of the nerves
bearing aortic fibers on the large arteries of the heart.
Bundles of aortic fibers shown in black; epithelioid
cell groups, stippled. One -day-old puppy, a, main
pressoreceptor area; a r
,
pressoreceptor area at the
bifurcation of the pulmonary trunk; ab, ab f
,
bundles
of aortic fibers in the vago-sympathetic trunks; an,
right aortic nerve; as, as T
,
ansae subclaviae; ca
,
ca
’
,
anastomoses betv/een the inferior cervical ganglia
(ic, ic r ) anu the cardiac nerves (cn, cn f j; ca”,
anastomosis between the left cardiac nerve and the left
recurrent, r f
;
cs, cardio-sympathetic nerve; g,
epithelioid cell mass corresponding to the left aortic
glomus; pg, bundle of preganglionics and fibers to the
epithelioid bodies under the arch of the aorta; r, r f
,
recurrent nerves; s, s f
,
stellate ganglia; v, v’, vagi.
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